US009074494B2

a2z United States Patent (10) Patent No.: US 9,074,494 B2
Pang 45) Date of Patent: Jul. 7, 2015
(54) SYSTEM AND APPARATUS FOR g%g?g;g i : liﬁggj gmhﬁnm"wi ~~~~~~~~~~~~~~~ o /égi/g
s A ruckner et al. .
CONTROLLING TEMPERATURE IN A HEAT 5,628,179 A *  5/1997 Tomlinson .................... 60/783
RECOVERY STEAM GENERATOR 5,881,558 A * 3/1999 Kawaharactal. ............ 62/408
6,125,623 A * 10/2000 Cloydetal. ....cccccoueeu 60/783
(75) Inventor: Raymond Pang, Schenectady, NY (US) 6,584,776 B2* 7/2003 Mittricker et al. . 60/775
6,748,733 B2* 6/2004 Tamaro 60/39.182
H . : 7,168,233 B1* 1/2007 Smithetal. . .. 60/39.182
(73) ASSlgnee' General EleCtrlc Company5 7’337’752 B2 % 3/2008 BOrOS et al' """"" 122/15'1
Schenectady, NY (US) 8,127,795 B2* 3/2012 Buttell etal. ...... .. 137/875
2004/0172951 Al* 9/2004 Hannemann etal. ........... 60/776
(*) Notice: Subject to any disclaimer, the term of this 2010/0064655 A1 3/2010 Zhanget al.
patent is extended or adjusted under 35
U.S.C. 154(b) by 553 days. FOREIGN PATENT DOCUMENTS
R DE 4434526 Cl1 4/1996
(21) Appl. No.: 13/278,917 Ep 0309792 Al 4/1989
. EP 0609037 A2 8/1994
(22) Filed: Oct. 21, 2011 EP 1331366 A2 7/2003
GB 2082084 A * 3/1982
(65) Prior Publication Data Jp HO0861012 A 3/1996
WO 9205344 Al 4/1992
US 2013/0098313 Al Apr. 25,2013 WO WO 92/05344 * 4/1992
(51) Int.CL OTHER PUBLICATIONS
Fo2C 6/00 (2006.01) Search Report from FR Application No. 1259974 dated Oct. 10,
F02C 6¢/18 (2006.01) 2013.
FOIK 23/10 (2006.01)
F22G 5/04 (2006.01) * cited by examiner
(52) US.CL
CPC oo, FOIK 23/108 (2013.01); F02C 6/18  Primary Examiner — Steven B McAllister
(2013.01); F22G 5/04 (2013.01); YO2E 20/16 ~ Assistant Examiner — Rabeeul Zuberi
(2013.01) (74) Attorney, Agent, or Firm — Fletcher Yoder P.C.
(58) Field of Classification Search
L1 GO 1221460 57 ABSTRACT
See application file for complete search history. A system that controls temperature in a heat recovery steam
generator (HRSG). One heat recovery steam generator sys-
(56) References Cited tem may include a first exhaust path. The heat recovery steam
generator system also may include a second exhaust path. The
U.S. PATENT DOCUMENTS heat recovery steam generator system may include a first
3,796,045 A * 3/1974 Foster-Pegg ..o 60/772 damper configured to selectively allow a portion of an exhaust
4241701 A * 12/1980 MOISE .oooorrororoo 122460 to flow through the second exhaust path.
4,353,207 A * 10/1982 ILee ... .. 60/39.182
4,706,612 A * 11/1987 Moreno et al. ................ 122/7R 11 Claims, 4 Drawing Sheets

¥ 10

54
58 48
_ﬂz}f“ IPECON
70 44
2 6 )

HRSG

3

5 8
HPECON |IPEVAP| |HP§%°N |LPEVAP| |LPECON|
I U5 (T 46—




US 9,074,494 B2

Sheet 1 of 4

Jul. 7, 2015

U.S. Patent

- ¥iLYaH - 9¢
..J@WHT sv9 13N4
€ i
99 1 J SvY9
WANLYN
0y [ =95 ! 9
o# o T# A7 A
4 89~ 2 _) L8l (08 %] |« 7
NOO3dI _/\_ /\_ e A~ e
14 _\ =
550N ¥G 05 9L
7
oﬂl\\ 91



US 9,074,494 B2

Sheet 2 of 4

Jul. 7, 2015

U.S. Patent

. 001 701
A E SHOLYNLOY  ¥OSN3S dWIL  HOSN3S o0
0l dH , NO¥4 dNal NOM1  yooN3s
MOT4
o1 NO¥
vz 4 oz
86
JOSNIS
Nm@ \ dWaL dH [
< SO 1< ¥alvIH | 5¢
. ] Sv9 13N
¢ ocT 43TIOHINGD 1
99 J 5o O v SY9 TER
] SEGE N 201 =
Nr Wi gzT ™
AWV 2% ) Y Z€T " ol mﬂmw%zoo
%7 # # A AL
N023d7 ||| A3 | |yocman 1| A3t (| [noimanilooman | 11[ dvA3eH B e
._u«._w 897 y— A vl 8. (0849 u\ o
NOOHd M MNP R
8t 7 i 0z 901
__ ! 05
o%aH 7S ﬁ%ﬁﬁzﬁﬂ@:
o— 91~ 81521~ Cgor ort ¢V



US 9,074,494 B2

Sheet 3 of 4

Jul. 7, 2015

U.S. Patent

. 00T 201
€0l sumo pige ufl,
1 YOSN3S
70 . IWITIONINO] g P WO
I~ ¢ 81 74 02
86
YOSN3S
¢S \ dN3L dH [
DUU‘ ) JOSN3S | eI T
dNIL HY Y
: Sv9 13n4
P
25T oer YITIOHINOD U
99 2/1 9.1 8yl Aoaowﬁr\ _ omH PETor O yet SV HOSN3S
i WA SR e WILIN A Gl
v] I ==L ] SEIGE )\ 261
r HOY A Nr o gz1 o
97 _IC% j\l«mmﬁ Z€ . YAl m_m_._._wv.“__.._.zoo
oF # [ 1 A7 A
N023d7 ||| a3 [ [y oimani |1l 2¥A3d1 || oS izoa o || 03| s " —
4 897 — T i., L8l (0= T < ot
NOJ3d om\_/\_ /\_ 7 /\_ AN o
8y = xmjomrzso/mm_@@ﬂﬁ 0L amouinog 2
R LT vy it P A ot [ 71!
o—" 9 Ol gp7 7= 061817 gzl ‘<01 —oiT /"



U.S. Patent Jul. 7, 2015 Sheet 4 of 4 US 9,074,494 B2

RECEIVE A FIRST INDICATION
OF A FIRST TEMPERATURE ~—192

\
RECEIVE A SECOND INDICATION
OF A SECOND TEMPERATURE ~—194

\
DETERMINE EXHAUST FLOW PATH 196

\
CONTROL FLOW PATH FOR EXHAUSTK_1gg

FIG. 4




US 9,074,494 B2

1

SYSTEM AND APPARATUS FOR
CONTROLLING TEMPERATURE IN A HEAT
RECOVERY STEAM GENERATOR

BACKGROUND OF THE INVENTION

The subject matter disclosed herein relates generally to
heat recovery steam generator systems and, more specifically,
to controlling temperature in a heat recovery steam generator
(HRSG) system.

An HRSG may use gas turbine engine exhaust to heat a
fluid flowing through heat exchangers in the HRSG. In some
configurations, the fluid may be steam used for high-pressure,
intermediate-pressure, and/or low-pressure sections of a
steam turbine. Under certain conditions, such as when oper-
ating the gas turbine engine with a partial load or when
operating at relatively high ambient temperatures, the fluid
temperature in the heat exchangers may exceed designed
temperature boundaries. Therefore, the HRSG may attempt
to control fluid temperatures flowing through the heat
exchangers. The fluid temperatures may be controlled to pre-
determined levels during operation of the gas turbine engine.
Some HRSG systems may control the temperatures within
the HRSG by attemperation. For example, such HRSG sys-
tems may spray a cool fluid into the heat exchangers to cool
the fluid already in the heat exchangers. Such a method may
cool the fluid temperature as desired; however, thermal effi-
ciency of the HRSG system is lost due to switching from
heating the fluid to cooling the fluid and then heating the fluid
again. Consequently, such attemperation methods may result
in reduced plant electrical output and efficiency. Accordingly,
there is a need for a system and apparatus for controlling
temperature in an HRSG system to improve the performance
of the HRSG system.

BRIEF DESCRIPTION OF THE INVENTION

Certain embodiments commensurate in scope with the
originally claimed invention are summarized below. These
embodiments are not intended to limit the scope of the
claimed invention, but rather these embodiments are intended
only to provide a brief summary of possible forms of the
invention. Indeed, the invention may encompass a variety of
forms that may be similar to or different from the embodi-
ments set forth below.

In a first embodiment, a heat recovery steam generator
(HRSG) system includes a plurality ofheat exchangers, a first
exhaust flow path configured to facilitate heat exchange
between exhaust from a gas turbine and a first heat exchanger
of'the plurality of heat exchangers, and a second exhaust flow
path configured to route a portion of the exhaust to bypass the
first heat exchanger.

In a second embodiment, a control system for a heat recov-
ery steam generator (HRSG) system includes a controller
configured to receive a first indication of a first temperature,
receive a second indication of a second temperature, and
determine which of at least one exhaust flow path from a
plurality of exhaust flow paths will be utilized to flow exhaust
based on the first and second temperature indications.

In a third embodiment, a heat recovery steam generator
(HRSG) system includes a first exhaust path, a second
exhaust path, and a first damper configured to selectively
allow a portion of an exhaust to flow through the second
exhaust path.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood when the
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following detailed description is read with reference to the
accompanying drawings in which like characters represent
like parts throughout the drawings, wherein:

FIG. 1is a schematic diagram of an embodiment of a power
plant, having an HRSG system;

FIG. 2 is a schematic diagram of an embodiment of the
power plant of FIG. 1, having an HRSG system with two
exhaust bypass flow paths;

FIG. 3 is a schematic diagram of an embodiment of the
power plant of FIG. 2, having an HRSG system with four
exhaust bypass flow paths; and

FIG. 4 is a flow chart of an embodiment of a process for
controlling the flow of exhaust through an HRSG system.

DETAILED DESCRIPTION OF THE INVENTION

One or more specific embodiments of the present invention
will be described below. In an effort to provide a concise
description of these embodiments, all features of an actual
implementation may not be described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

When introducing elements of various embodiments of the
present invention, the articles “a,” “an,” “the,” and “said” are
intended to mean that there are one or more of the elements.
The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements.

As discussed below, certain embodiments of a heat recov-
ery steam generator (HRSG) system include a first exhaust
flow path that facilitates heat exchange between exhaust from
a gas turbine and a first heat exchanger. To control the tem-
perature of the fluid flowing through the first heat exchanger,
the HRSG system includes a second exhaust flow path that
may be used to bypass the first heat exchanger. For example,
fluid may flow through the first exhaust flow path and the
second exhaust flow path when less heat is needed for heating
fluid in the first heat exchanger. Controlling the temperature
of the fluid in the first heat exchanger in such a manner may
increase performance of the HRSG system.

In one embodiment, there may be a third exhaust flow path
that may be used to cause additional exhaust to bypass the first
heat exchanger and/or bypass a second heat exchanger. For
example, the third exhaust flow path may be arranged in
parallel with the second exhaust flow path so that exhaust
flowing through the second and third exhaust flow paths will
bypass the first heat exchanger. Additionally and/or alterna-
tively, the third exhaust flow path may be arranged in series
with the second exhaust flow path so that exhaust flowing
through the second flow path bypasses the first heat
exchanger and exhaust flowing through the third flow path
bypasses the second heat exchanger. Further, dampers may be
used to selectively enable exhaust to flow into the second and
third flow paths. The dampers may be placed in various posi-
tions (e.g., open, closed, or a position in-between) to control
the amount of exhaust flowing into the second and third flow
paths.
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In another embodiment, an actuation system may move the
one or more dampers based on feedback from a control sys-
tem. For example, when sensor measurements pass a certain
threshold, the dampers may open or close to enable or inhibit
exhaust from flowing through the second and third flow paths.
Additionally, a controller may be utilized to control the tem-
perature of the fluid flowing through the first heat exchanger.
For example, the controller may receive signals from one or
more sensors that indicate temperatures within the HRSG
system. These signals may be utilized by the controller to
determine which flow paths to be used for the exhaust flow.

Turning now to the drawings and referring first to FIG. 1,
FIG. 1 is a schematic flow diagram of an embodiment of a
combined cycle power generation system 10 having a gas
turbine 12, a steam turbine 14, and an HRSG system 16. The
system 10 may include the gas turbine 12 for driving a gen-
erator 18 (e.g., a load). The generator 18 may, for instance, be
an electrical generator for producing electrical power. Fur-
ther, the gas turbine 12 may include a turbine 20, a combustor
or combustion chamber 22, and a compressor 24. In certain
embodiments, the combustion chamber 22 may receive natu-
ral gas and/or liquid fuel from a fuel gas heater 25 coupled to
the combustion chamber 22. In one embodiment, the system
10 may also include the steam turbine 14 for driving a load 26.
Theload 26 may also be an electrical generator for generating
electrical power. However, both the generator 18 and the load
26 may be other types of loads capable of being driven by the
gas turbine 12 and steam turbine 14. In addition, although the
gas turbine 12 and steam turbine 14 appear to be utilized in
tandem to drive the generator 18 and the load 26 together on
a single shaft, as shown in the illustrated embodiment, the gas
turbine 12 and steam turbine 14 may also be used to drive the
generator 18 and the load 26 on separate shafts. However, the
specific configuration of the steam turbine 14, as well as the
gas turbine 12, may be implementation-specific and may
include any combination of sections.

The system 10 may also include the multi-stage HRSG 16.
The components of the HRSG 16, in the illustrated embodi-
ment, are a simplified depiction of the HRSG 16 and are not
intended to limit what may be included in the HRSG 16.
Rather, the illustrated HRSG 16 is shown to convey the gen-
eral operation of HRSG systems. Further, the HRSG 16 may
be provided as a single stage HRSG 16 or as any other type of
HRSG. Heated exhaust gas 34 from the gas turbine 12 may be
transported into the HRSG 16 and used to heat steam for use
in powering the steam turbine 14. As may be appreciated, the
temperature of the exhaust gas 34 may vary based on a num-
ber of variables including fuel composition, ambient condi-
tions, and/or the operating conditions of the gas turbine 12.
For example, the temperature of the exhaust gas 34 may vary
within a range of approximately 300 to 400° C. during typical
operation.

In combined cycle systems such as system 10, hot exhaust
gas 34 may flow from the gas turbine 12 and pass through the
HRSG 16 and may be used to generate steam at one or more
pressure levels and at high temperatures. The steam produced
by the HRSG 16 may then be passed through the steam
turbine 14 for power generation. In addition, the produced
steam may be supplied to any other processes where super-
heated/saturated steam may be used. The gas turbine 12 cycle
is often referred to as the “topping cycle,” or Brayton cycle,
whereas the steam turbine 14 generation cycle (e.g., steam
cycle) is often referred to as the “bottoming cycle” or Rankine
cycle. By combining these two cycles as illustrated in FIG. 1,
the combined cycle power generation system 10 may lead to
greater overall efficiency for the combined plant. In particu-
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4

lar, exhaust heat from the topping cycle may be captured and
used to generate steam for use in the bottoming cycle.

In the illustrated embodiment, the steam turbine 14 may
include a low-pressure section 28 (LP ST), an intermediate-
pressure section 30 (IP ST), and a high-pressure section 32
(HP ST). As may be appreciated, each of the pressure sections
28, 30, and 32 may produce exhaust. Exhaust from the low-
pressure section 28 of the steam turbine 14 may be directed
into a condenser 38, where the exhaust is condensed into a
liquid condensate. The condensate from the condenser 38
may, in turn, be directed toward the low-pressure section of
the HRSG 16 with the aid of a condensate pump 40. Further,
the condensate may then flow through a low-pressure econo-
mizer 44 (LPECON), which is used to heat the condensate.
From the low-pressure economizer 44, the condensate may be
directed into a low-pressure evaporator 46 (LPEVAP) having
apressure vessel 48 (e.g., boiler) used to produce steam from
the condensate. Steam produced from the low-pressure
evaporator 46 may flow through a low-pressure superheater
50, where the steam is superheated and then directed to the
low-pressure section 28 of the steam turbine 14.

Returning to the pressure vessel 48, heated condensate may
be pumped from the pressure vessel 48 through an interme-
diate-pressure pump 52 toward an intermediate-pressure
economizer 54 (IPECON) for applying addition heat to the
condensate. From the intermediate-pressure economizer 54,
the condensate may be directed into an intermediate-pressure
evaporator 56 (IPEVAP) having a pressure vessel 58 (e.g.,
boiler) used to produce steam from the condensate. Steam
from the intermediate-pressure evaporator 56 may be directed
to an intermediate-pressure superheater 60, where the steam
is superheated. The superheated steam may then flow through
a primary re-heater 62 and a secondary re-heater 64 before
being directed to the intermediate-pressure section 30 of the
steam turbine 14. As illustrated, exhaust from the intermedi-
ate-pressure section 30 of the steam turbine 14 may be
directed into the low-pressure section 28 of the steam turbine
14.

Returning again to the pressure vessel 48, heated conden-
sate may be pumped from the pressure vessel 48 through a
high-pressure pump 66 toward a third high-pressure econo-
mizer 68 (HPECON #3) for applying additional heat to the
condensate. Condensate from the third high-pressure econo-
mizer 68 may be directed to a second high-pressure econo-
mizer 70 (HPECON #2) then to a first high-pressure econo-
mizer 72 (HPECON #1) where the condensate is further
heated. Condensate from the first high-pressure economizer
72 may be directed into a high-pressure evaporator 74 (HPE-
VAP) having a pressure vessel 76 (e.g., boiler) used to pro-
duce steam from the condensate. Steam exiting the high-
pressure evaporator 74 may be directed into a primary high-
pressure superheater 78, a secondary high-pressure
superheater 80, and a finishing high-pressure superheater 82,
where the steam is superheated and eventually sent to the
high-pressure section 32 of the steam turbine 14. As illus-
trated, exhaust from the high-pressure section 32 of the steam
turbine 14 may, in turn, be directed through the primary and
secondary re-heaters 62 and 64 and into the intermediate-
pressure section 30 of the steam turbine 14.

During operation of the system 10, the fluid flowing
through the various heat exchangers (e.g., economizers 44,
54, 68, 70, and 72, superheaters 50, 60, 78, 80, and 82, and
re-heaters 62 and 64) may exceed a desired temperature. For
example, during startup of the steam turbine 14 while the gas
turbine 12 is in operation, it may be desirable to control the
fluid flowing through the various heat exchangers to a prede-
termined temperature of approximately 300 to 400° C. Fur-
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ther, in certain modes of operation, it may be desirable to
control the fluid flowing through the various heat exchangers
to a temperature less than approximately 500 to 700° C. at all
times during operation of the gas turbine 12. Therefore, the
HRSG 16 may be arranged so that exhaust 34 may bypass
certain heat exchangers and that the exhaust 34 heats the fluid
in the heat exchangers when it is desired. Various embodi-
ments of bypass exhaust flow paths are described in FIGS. 2
and 3.

FIG. 2 is a schematic diagram of an embodiment of the
power plant 10 of FIG. 1, having an HRSG system 16 with
two exhaust bypass flow paths. The exhaust bypass flow paths
are used to direct a portion of the exhaust 34 away from a main
exhaust flow path. Moreover, as illustrated, the power plant
10 includes a control system 94 for controlling the flow of
exhaust 34 through the exhaust flow paths (e.g., bypass and
main exhaust flow paths). The control system 94 includes a
controller 96 that sends and receives control signals for com-
municating with devices such as sensors and actuators. As
may be appreciated, the controller 96 may include one or
more processors for executing instructions stored on a storage
device, such as a memory. The controller 96 may control the
flow path for exhaust 34 to flow through the HRSG 16 by
enabling exhaust to bypass at least one heat exchanger in the
HRSG 16. Various sensors are connected to the controller 96
for providing indications to the controller 96. In particular, a
re-heater temperature sensor 98 (e.g., thermocouple) is
coupledto a flow path between the secondary re-heater 64 and
the intermediate-pressure section 30. The re-heater tempera-
ture sensor 98 measures a temperature of the fluid exiting the
secondary re-heater 64 and provides an indication of the
measured temperature to the controller 96. Further, a high-
pressure temperature sensor 100 (e.g., thermocouple) is
coupled to a flow path between the finishing high-pressure
superheater 82 and the high-pressure section 32. The high-
pressure temperature sensor 100 measures a temperature of
the fluid exiting the finishing high-pressure superheater 82
and provides an indication of the measured temperature to the
controller 96. In addition, an exhaust gas temperature sensor
102 (e.g., thermocouple) is coupled to a flow path between the
gas turbine 12 and the HRSG 16. The exhaust gas temperature
sensor 102 measures a temperature of the fluid exiting the gas
turbine 12 and provides an indication of the measured tem-
perature to the controller 96. An exhaust gas flow sensor 104
is coupled between the gas turbine 12 and the HRSG 16. The
exhaust gas flow sensor 104 measures a quantity of exhaust
flowing from the gas turbine 12 to the HRSG 16 and provides
an indication of the measured exhaust flow to the controller
96. As may be appreciated, the gas flow sensor 104 may be
any suitable type of flow sensor or meter.

In general, the exhaust 34 entering the HRSG 16 flows
through a main exhaust flow path 106 which is located gen-
erally in a central region and along the length ofthe HRSG 16.
The main exhaust flow path 106 facilitates heat exchange
between exhaust 34 from the gas turbine 12 and one or more
heat exchangers (e.g., economizers 44, 54, 68, 70, and 72,
superheaters 50, 60, 78, 80, and 82, and re-heaters 62 and 64).
The exhaust 34 may also be directed into a first exhaust
bypass flow path 108 and/or a second exhaust bypass flow
path 110 so that a portion of the exhaust bypasses one or more
heat exchangers (e.g., superheaters 78, 80, and 82, and re-
heaters 62 and 64). In some embodiments, approximately O to
25%, 5 to 35%, or 20 to 40% of the exhaust 34 entering the
HRSG 16 may flow through each of the exhaust bypass flow
paths 108 and 110. It should be noted that, in such an embodi-
ment, if both exhaust bypass flow paths 108 and 110 are
opened to allow exhaust 34 to flow through them, approxi-
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mately twice as much of the exhaust 34 entering the HRSG 16
may flow through the exhaust bypass flow paths 108 and 110
(e.g., approximately 0 to 50%, 10 to 70%, or 40 to 80% of the
exhaust 34 entering the HRSG 16 may flow through the
combination of the exhaust bypass flow paths 108 and 110).
As may be appreciated, exhaust 34 may be directed to flow
through the first exhaust bypass flow path 108 using an inflow
damper 112 (e.g., a door). The inflow damper 112 may open
and close access to the first exhaust bypass flow path 108 by
moving in one of the directions 114. Further, the inflow
damper 112 may be opened and closed using an actuator 116
that is controlled by the controller 96. Additionally, an out-
flow damper 118 may be used to control the flow of exhaust
34 exiting the first exhaust bypass flow path 108. Again, this
outflow damper 118 may open and close by moving in one of
the directions 120 after being moved by an actuator 122
controlled by the controller 96.

Similarly, the exhaust 34 may be directed to flow through
the second exhaust bypass flow path 110 using an inflow
damper 124. The inflow damper 124 may open and close
access to the second exhaust bypass flow path 110 by moving
in one of the directions 126 after being moved by an actuator
128 controlled by the controller 96. Additionally, an outflow
damper 130 may be used to control the flow of exhaust 34
exiting the second exhaust bypass flow path 110. Again, this
outflow damper 130 may open and close by moving in one of
the directions 132 after being moved by an actuator 134
controlled by the controller 96. As may be appreciated, the
dampers 112, 118, 124, and 130 may be moved (e.g., acti-
vated) to an open or closed position, or any position in-
between (e.g., partially opened). For example, the controller
96 may control the dampers 112, 118, 124, and 130 to be 10
to 50% open, 30 to 95% open, 5 to 60% open, or 0 to 100%
open. The particular position of the dampers 112, 118, 124,
and 130 may be based on a determination made by the con-
troller 96, such as based on current and/or target temperatures
from the temperature sensors 98, 100, and 102. Further, the
actuators 116,122, 128, and 134 may be any type of actuators,
such as actuators that are hydraulically, pneumatically, elec-
trically, or mechanically operated.

During operation, the controller 96 may determine which
flow path or paths should be utilized to flow exhaust 34
through the HRSG 16. In certain embodiments, the flow path
determination may be based on indications from the tempera-
ture sensors 98, 100, and/or 102. As may be appreciated, in
certain embodiments, there may be a lag between the tem-
perature sensed by the temperature sensors 98, 100, and 102
and the actual temperature at the temperature sensors. For
example, because of the lag, the temperature reported by the
temperature sensors 98, 100, and 102 may be approximately
10 to 20 seconds late (i.e., the temperature sensors 98, 100,
and 102 may take approximately 10 to 20 seconds to measure
an accurate temperature). Therefore, when gas turbines 12
having a fast startup are used, the temperature sensors 98,
100, and 102 may provide a temperature that is different from
the current temperature. As such, the controller 96 may com-
pensate for the time lag in the temperature sensors 98, 100,
and 102. In certain embodiments, the controller 96 may use
historic temperatures to estimate the current temperature. For
example, in a system with temperature sensors having a 10
second lag, the controller 96 may utilize temperature mea-
surements taken 15 seconds previously and 10 seconds pre-
viously to determine a rate of temperature change. Then the
rate of temperature change can be used to estimate the current
temperature. As may be appreciated, the controller 96 may
utilize the temperature sensor 98, 100, and 102 measurements
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as part of an outer control loop for controlling the dampers
112, 118, 124, and 130 and may provide slow control of the
dampers.

After the flow path determination is made, the controller 96
may control the flow paths for exhaust 34 to flow through the
determined flow path or paths so that fluid flowing through
heat exchangers in the HRSG is not overheated. Thus, the
controller 96 may selectively enable exhaust 34 to flow across
various heating elements by selectively enabling exhaust flow
paths. For example, the controller 96 may determine that less
heat is needed to heat the fluid flowing through the heat
exchangers. Therefore, the controller 96 may control the
dampers 112 and 118 to open, thus enabling exhaust 34 to
flow through the first exhaust bypass flow path 108. Con-
versely, the controller 96 may determine that more heat is
needed to heat the fluid flowing through the heat exchangers
so that the fluid flowing through the heat exchangers is not
under heated. Therefore, the controller 96 may control the
dampers 112 and 118 to close, thus inhibiting exhaust 34 from
flowing through the first exhaust bypass flow path 108. As
may be appreciated, the dampers 124 and 130 may be con-
trolled in a similar manner to the dampers 112 and 118.

As may be appreciated, the first and second exhaust bypass
flow paths 108 and 110 may be in a different location than
illustrated, such that any of the heat exchangers may be
bypassed by either the first or second exhaust bypass flow
paths 108 and 110. Further, the first and second exhaust
bypass flow paths 108 and 110 may extend a smaller or larger
length than illustrated (e.g., the flow paths 108 and 110 may
extend along one heat exchanger (e.g., heat exchanger 82) or
all heat exchangers (e.g., heat exchangers 50, 60, 62, 64, 78,
80, and 82)). In addition, although only there is only one
entrance and one exit for each flow path 108 and 110 illus-
trated in FIG. 2, in certain embodiments, there may be mul-
tiple entrances and one exit, one entrance and multiple exits,
or multiple entrances and multiple exits in the flow paths 108
and 110 to control the flow of exhaust 34.

FIG. 3 is a schematic diagram of an embodiment of the
power plant 10 of FIG. 2, having an HRSG system 16 with
four exhaust bypass flow paths. As illustrated, the HRSG 16
may include a third exhaust bypass flow path 146 and a fourth
exhaust bypass flow path 148 so that a portion of the exhaust
bypasses one or more heat exchangers (e.g., economizers 70,
72, and superheaters 50 and 60). Further, in certain embodi-
ments, the third exhaust bypass tlow path 146 may connect to
the first exhaust bypass flow path 108 via a first intermediate
flow path 150. Likewise, in certain embodiments, the fourth
exhaust bypass flow path 148 may connect to the second
exhaust bypass flow path 110 via a second intermediate flow
path 152.

The exhaust 34 may be directed to flow through the third
exhaust bypass flow path 146 using an inflow damper 154.
The inflow damper 154 may open and close access to the third
exhaust bypass flow path 146 by moving in one of the direc-
tions 156 after being moved by an actuator 158 controlled by
the controller 96. Additionally, an outflow damper 160 may
be used to control the flow of exhaust 34 exiting the third
exhaust bypass flow path 146. Again, this outflow damper 160
may open and close by moving in one of the directions 162
after being moved by an actuator 164 controlled by the con-
troller 96.

Similarly, the exhaust 34 may be directed to flow through
the fourth exhaust bypass flow path 148 using an inflow
damper 166. The inflow damper 166 may open and close
access to the fourth exhaust bypass flow path 148 by moving
in one of the directions 168 after being moved by an actuator
170 controlled by the controller 96. Additionally, an outflow
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damper 172 may be used to control the flow of exhaust 34
exiting the fourth exhaust bypass flow path 148. Again, this
outflow damper 172 may open and close by moving in one of
the directions 174 after being moved by an actuator 176
controlled by the controller 96. As may be appreciated, the
dampers 154, 160, 166, and 172 may be moved (e.g., acti-
vated) to an open or closed position, or any position in-
between. Further, the actuators 158, 164, 170, and 176 may be
any type of actuators, such as actuators that are hydraulically,
pneumatically, electrically, or mechanically operated. As
may be appreciated, the first, second, third, and fourth exhaust
bypass flow paths 108, 110,146, and 148 may be in a different
location than illustrated, such that any of the heat exchangers
may be bypassed by any of the exhaust bypass flow paths 108,
110, 146, and 148. By using the bypass flow paths 108, 110,
146, and 148, the controller 96 may be able to control the
temperature of the fluid flowing through the heat exchangers
so that the fluid is not overheated or under heated.

FIG. 4 is a flow chart of an embodiment of a process 190 for
controlling the flow of exhaust through an HRSG system 16.
At block 192, the controller 96 may receive a first indication
of a first temperature. For example, the controller 96 may
receive the first indication of the first temperature from one or
more of the temperature sensors 98, 100, and 102. Next, at
block 194, the controller 96 may receive a second indication
of'a second temperature. As may be appreciated, the second
indication of the second temperature may be from the same
temperature sensor (e.g., the first and second indications may
be from sensor 98), or from a different temperature sensor
(e.g., the first indication may be from sensor 98 and the
second indication may be from sensor 100). For example, the
first temperature indication may be measured by the high-
pressure temperature sensor 100 approximately 2 minutes
after startup of the gas turbine 12. The second temperature
indication may be measured by the high-pressure temperature
sensor 100 approximately 4 minutes after startup of the gas
turbine 12. Based on the two temperature indications, the
controller 96 may determine that the fluid flowing to the
high-pressure section 32 is increasing too quickly. Then, at
block 196, the controller 96 may determine one or more
exhaust flow paths for exhaust 34 to flow based on the two
indications. Such a determination may be used to control the
temperature of fluid flowing through heat exchangers in the
HRSG system 16. Further, the determination may be based, at
least partly, on the first and second temperature indications.
Therefore, the controller 96 may determine that a bypass flow
path should be used. At block 198, the controller 96 may
control the one or more exhaust flow paths for the exhaust 34
to flow through. For example, the controller 96 may open or
close dampers in any of the exhaust bypass flow paths 108,
110, 146, and 148 to control the flow of the exhaust 34.

It should be noted that although certain types of power
plants 10 were described in FIGS. 1 through 4, the HRSG 16
with bypass flow paths may be used in any type of power plant
10 or other system. Likewise, there may be fewer, more, or
different systems and devices found within the HRSG 16 than
what is described and shown. As such, bypass flow paths may
be used with any type of HRSG 16 system so that exhaust 34
may bypass the main flow path 106. By using the bypass flow
paths, the temperature of fluid flowing through heat exchang-
ers in the HRSG 16 may be controlled (i.e., the amount of hot
exhaust 34 flowing across the heat exchangers may be
changed as desired). In such a configuration, attemperators
are not needed and, therefore, the parts and costs associated
with attemperators are not part of the HRSG 16 system.
Further, by using the bypass flow paths, the HRSG 16 system
may have greater thermal efficiency than systems using
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attemperators to control the temperature of fluid in the heat
exchangers. For example, in certain embodiments, using
bypass flow paths may improve the efficiency of the HRSG 16
system by approximately 0.001 to 1.000%.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
structural elements that do not differ from the literal language
of'the claims, or if they include equivalent structural elements
with insubstantial differences from the literal languages of
the claims.

The invention claimed is:

1. A heat recovery steam generator (HRSG) system com-
prising:

an HRSG comprising:

a plurality of heat exchangers disposed within the HRSG;

a first exhaust flow path configured to facilitate heat
exchange between exhaust from a gas turbine and a first
fluid through a first heat exchanger and a second heat
exchanger upstream of the first heat exchanger of the
plurality of heat exchangers;

a second exhaust flow path configured to route a first por-
tion of the exhaust through the second heat exchanger to
bypass the first heat exchanger, wherein the first exhaust
flow path and the second exhaust flow path are disposed
within the HRSG, and the second exhaust flow path is
configured to rejoin the first exhaust flow path down-
stream of the first heat exchanger, wherein the second
exhaust flow path is configured to facilitate heat
exchange between exhaust from the gas turbine and the
first fluid through the second heat exchanger of the plu-
rality of heat exchangers prior to bypass of the first heat
exchanger, wherein the bypass of the first heat
exchanger comprises a bypass of a first high-pressure
superheater, a second high-pressure superheater, and a
first re-heater, wherein the first high-pressure super-
heater is coupled to a high-pressure evaporator and to the
second high-pressure superheater, the second high-pres-
sure superheater is coupled to a third high-pressure
superheater, and the first re-heater is coupled to a second
re-heater and to an intermediate-pressure superheater;

athird exhaust flow path configured to bypass the interme-
diate-pressure superheater and a high-pressure econo-
mizer, wherein the high-pressure evaporator is coupled
to the high-pressure economizer, and the third exhaust
flow path is disposed within the HRSG;

a damper configured to selectively enable the first portion
of the exhaust to bypass the first heat exchanger by
channeling the first portion of the exhaust through the
second exhaust flow path, wherein the damper is dis-
posed within the HRSG; and

an actuator coupled to the damper, wherein the actuator is
configured to control a position of the damper, the posi-
tion of the damper is configured to control a temperature
of the first fluid, and the actuator is disposed within the
HRSG.

2. The system of claim 1, comprising a third exhaust flow
path configured to route a second portion of the exhaust to
bypass the first heat exchanger, wherein the third exhaust flow
path is disposed within the HRSG.

3. The system of claim 1, comprising a third exhaust flow
path configured to route a second portion of the exhaust to
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bypass a third heat exchanger, wherein the third exhaust flow
path does not route the second portion of the exhaust to
bypass the first heat exchanger, and the third exhaust flow
path is disposed within the HRSG.

4. The system of claim 1, comprising a third exhaust flow
path configured to route a second portion of the exhaust to
bypass the first heat exchanger and a third heat exchanger,
wherein the third exhaust flow path is disposed within the
HRSG.

5. The system of claim 1, comprising an outflow damper
configured to selectively enable the first portion of the
exhaust from the second exhaust flow path to rejoin the first
exhaust flow path downstream of the first heat exchanger.

6. A heat recovery steam generator (HRSG) system com-
prising:

an HRSG comprising:

a plurality of heat exchangers disposed within the HRSG,
comprising a first high-pressure superheater, a second
high-pressure superheater, a third high-pressure super-
heater, a first re-heater, a second re-heater, and an inter-
mediate-pressure superheater;

a first exhaust path disposed within the HRSG, wherein the
first exhaust path is configured to flow through the first
high-pressure superheater, the second high-pressure
superheater, the third high-pressure superheater, the first
re-heater, the second re-heater, and the intermediate-
pressure superheater;

a second exhaust path disposed within the HRSG, wherein
the second exhaust path is configured to flow through the
third high-pressure superheater and to bypass the first
high-pressure superheater, the second high-pressure
superheater, and the first re-heater, wherein the first
high-pressure superheater is coupled to a high-pressure
evaporator and to the second high-pressure superheater,
the second high-pressure superheater is coupled to the
third high-pressure superheater, and the first re-heater is
coupled to the second re-heater and to the intermediate-
pressure superheater;

a third exhaust path configured to bypass the intermediate-
pressure superheater and a high-pressure economizer,
wherein the high-pressure evaporator is coupled to the
high-pressure economizer, and the third exhaust path is
disposed within the HRSG;

a first damper configured to selectively allow a portion of
an exhaust to flow through the second exhaust path after
the second exhaust path flows through at least one of the
third high-pressure superheater or the second re-heater,
wherein the first damper is disposed within the HRSG
and the second exhaust path rejoins the first exhaust path
downstream of the first damper; and

a first actuator coupled to the first damper, wherein the first
actuator is configured to control a position of the first
damper, and the first actuator is disposed within the
HRSG.

7. The system of claim 6, comprising a second damper
configured to selectively allow the exhaust to flow through the
third exhaust path, wherein the second damper is disposed
within the HRSG.

8. The system of claim 6, comprising a controller config-
ured to activate the first damper.

9. The system of claim 6, wherein the first exhaust path is
configured to facilitate heat exchange between the exhaust
and a fluid through the plurality of heat exchangers, and the
first actuator is configured to move the first damper between
an open and closed position to control temperature of the
fluid, and the fluid comprises steam.
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10. The system of claim 1, comprising:

at least one temperature sensor configured to provide a first
indication of a first temperature of the first fluid and a
second indication of a second temperature of the first
fluid; and 5

a controller configured to control a distribution of the
exhaust from the gas turbine among the first exhaust
flow path and the second exhaust flow path based at least
in part on the first and second temperature indications.

11. The system of claim 8, wherein the controller is con- 10
figured to receive a first temperature indication and a second
temperature indication, and the controller is configured to
activate the first damper based at least in part on the first
temperature indication and the second temperature indica-
tion. 15



